Cadmium in white lupin nodules: impact on nitrogen and carbon metabolism.
The aims of this work were to investigate the microlocalisation of cadmium (Cd) in Lupinus albus L. cv. Multolupa nodules, and to determine its effects on carbon and nitrogen metabolism. Nodulated white lupin plants were grown in a growth chamber with or without Cd (150 μM). Energy-dispersive X-ray microanalysis showed the walls of the outer nodule cortex cells to be the main area of Cd retention, helping to reduce the harmful effect Cd might have on the amount of N(2) fixed by the bacteroids. Sucrose synthase activity declined by 33% in the nodules of the Cd-treated plants, and smaller reductions were recorded in glutamine synthetase, aspartate aminotransferase, alkaline invertase and NADP-dependent isocitrate dehydrogenase activities. The Cd treatment also sharply reduced nodule concentrations of malate, succinate and citrate, while that of starch doubled, but that of sucrose experienced no significant change. In summary, the present results show that white lupins accumulate significant amounts of Cd in their root nodules. However, the activity of some enzymes involved in ammonium assimilation did decline, promoting a reduction in the plant N content. The downregulation of sucrose synthase limits the availability of carbon to the bacteroids, which might interfere with their respiration. Carbon metabolism therefore plays a primary role in the impaired function of the white lupin root nodule caused by Cd, while N metabolism appears to have a more secondary involvement.